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(57) Ferroelectric liquid crystal compounds and compositions containing cyclohexenyl derivatives are 
provided. Specifically provided are compounds of formula : 



R 1 -Ar r Ar 2 -Y 




GO 

m 



wherein and R 2 can be an alkyl, cycloalkyl, alkenyl, alkoxy, tnioalkyi, alkylsilyi group having from one 
to about twenty carbon atoms. Y denotes -COO, -GOO, -CH 2 0-, or -OCH 2 - ; and Ar n and Ar 2 , 
independently of one another, can be selected from the group consisting of phenyl rings, halogenated 
phenyl rings and nitrogen-containing aromatic groups. In preferred embodiments the compounds of 
this invention contain at least one nitrogen-containing aromatic ring. Ar 1 and Ar 2 can be selected from 
1 ,4-phenyl, mono- or dihalogenated 1 ,4-phenyl, 2,5-pyridinyl, 2,5-pyrimidyl, 2,5-pyrazinyl, 2,5- 
thiadiazole, 3,6-pyridazinyl and 1 ,4-cydohexyl either or both be chiral racemic groups or chirai 
nonracemic groups. 
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This invention was made with partial support of the United States Government under National Science 
Foundation grant number ISi 90000-40 and U.S. Army Research Office contract number DAALQ3-91-C-0051. 
The United States Government has certain rights in this invention. 

Field of the Invention 

The present invention relates to liquid crystal compounds which are cyciohexenyi ethers and cyciohexenyl 
esters which have application in liquid crystal devices, particularly in ferroelectric liquid crystal devices useful 
in electro-optical and display device applications. 

Background of the Invention 

Liquid crystals have found use in a variety of electro-optical and display device applications, in particular 
those which require compact, energy-efficient, voltage-controlled light valves such as watch and calculator dis- 
plays. Liquid crystal displays have a number of unique useful characteristics, including low voltage and low 
power of operation. In such displays, a thin layer of liquid crystal materia! is placed between glass plates and 
the optical properties of small domains in the layer is controlled by the application of electric fields with high 
spatial resolution. These devices are based upon the dielectric alignment effects in nematic, cholesteric and 
smectic phases of the liquid crystal compound in which, by virtue of dielectric antsotropy, the average molecular 
long axis of the compound takes op a preferred orientation in an applied electric field. However, since the cou- 
pling to an applied electric field by this mechanism is rather weak, the electro-optical response time of liquid 
crystal based displays may be too slow for many potential applications such as in flat-panel displays for use 
in video terminals, oscilloscopes, radar and television screens. Fast optical response times become increas- 
ingly important for applications to larger area display devices. Insufficient nonlinearity of liquid crystal based 
displays can also impose limitations for many potential applications. 

Electro-optic effects with sub-microsecond switching speeds can be achieved using the technology of fer- 
roelectric liquid crystals (FLCs) of N.A. Clark and ST. Lagerwalll (1980) Appl. Phys. Lett. 36:899 and U.S. Pa- 
tent 4,367,924. These investigators have reported display structures prepared using FLC materials having not 
only high speed response (about 1,000 times faster than currently used twisted nematic devices), but which 
also exhibit bistable, threshold sensitive switching. Such properties make FLC based devices excellent can- 
didates for light modulation devices including matrix addressed light valves containing a large number of ele- 
ments for passive displays of graphic and pictorial information, optical processing applications, as well as for 
high information content dichroic displays. 

Smectic C liquid crystal phases composed of chiral, nonracemic molecules possess a spontaneous ferro- 
electric polarization, or macroscopic dipole moment, deriving from a dissymmetry in the orientation of molecular 
dipoles in the liquid crystal phases (Meyer et al. (1975) J. Phys. (Les Ulis, Fr) 36:L-69). The ferroelectric po- 
larization density is an intrinsic property of the material making up the phase and has a magnitude and sign 
for a given material under a given set of conditions. In ferroelectric liquid crystal display devices, like those of 
Clark and Lager wall, appropriate application of an external electric field results in alignment of the chiral mol- 
ecules in the ferroelectric liquid crystal phase with the applied field. When the sign of the applied field is re- 
versed, realignment or switching of the FLC molecules occurs. This switching can be employed for light mod- 
ulation.' Within a large range of electric f ield strengths, the switching speed (optical rise time) is inversely pro- 
portional to applied field strength and polarization or dipole density (P), and directly proportional to orientational 
viscosity. Fast switching speeds are then associated with FLC phases which possess high polarization density 
and low orientational viscosity. 

A basic requirement for application of ferroelectric liquid crystals in such devices is the availability of chem- 
ically stable liquid crystal materials which exhibit ferroelectric phases (chiral smectic C) over a substantial tem- 
perature range about room temperature. Useful device operating temperatures range from about 10 U C to about 
80°C. More typical device operating temperatures range from 10°C to 30°C. In some cases, the ferroelectric 
liquid crystal compound itself will possess an enantiotropic or monotropic ferroelectric (chiral smectic C*) liquid 
crystal phase. Ferroelectric liquid crystal mixtures possessing chiral smectic C phases with useful temperature 
ranges can also be obtained by admixture of chiral, nonracemic compounds, designated ferroelectric liquid 
crystal dopants, into a liquid crystal host material (which may or may not be composed of chiral molecules). 
Addition of the dopant can affect the ferroelectric polarization density and/or the viscosity of the C* phase and 
thereby affect the switching speed. Desirable FLC dopants are molecules which impart high ferroelectric po- 
larization density to an FLC material without significantly increasing the orientational viscosity of the mixture. 
The components of FLC mixtures can also be adjusted to vary phase transition temperatures or to introduce 
desired LC phases. 

2 



05824Q9A1 i > 



EP 0 SS2 489 A1 

In addition to the above-described characteristics, the composition of ferroelectric liquid crystal materials 
can be adjusted to vary the tilt angle, pitch, stability and mixing properties of the FLC materials. Addition of 
molecules which optimally impart a 22.5° tilt angle to an FLC materia! used in a shutter or light switch, results 
in maximum throughout in the "ON" state of the device. A 22.5° tilt angle is particularly desirable for FLC ma- 

5 terials used in direct drive, flat panel display applications. A longer helix pitch in the smectic C* phase, partic- 
ularly a pitch longer than about 3.0 jjuti, is also a desirable characteristic of FLC materials for certain applica- 
tions, since such a longer helix pitch improves the alignment of the FLC compounds in electro-optical devices, 
decreases surface interactions and as a consequence improves the usefulness of these compounds in SSFLC 
(Surface Stabilized Ferroelectric Liquid Crystal) devices. FLC components can also be added which increase 

w the stability of the smectic phases of the FLC material, for example, by suppressing crystallization of FLC ma- 
terials, and/or improving the miscibility and/or viscosity of the liquid crystal composition. 

Thermotropic liquid crystal molecules typically possess structures which combine a rigid core coupled with 
two relatively "floppy" tails (see Demus et at. (1 974) Flussige Kristalle In Tabellen, VEB Deutscher Verlag fur 
Grundstoff Industrie, Lebzig for a compilation of the molecular structures of LC molecules). FLC materials have 

15 been prepared by the introduction of a stereocenter into one of the tails, thus introducing chirality. The first 
FLC compound to be characterized was DOBAMBC (Meyer et al., supra) which contains an (S)-2-methylbu- 
tyloxy chiral tail. Pure DOBAMBC exhibits a smectic C* phase with a ferroelectric polarization of -3 nC/cm 2 . 

There are a number of reports of compounds containing two or more aromatic rings such as those having 
phenyl benzoate, biphenyi, phenylpyrimidine, phenylpyridine and related cores coupled to chiral tail units which 

20 possess smectic C* phases displaying fast switching speeds at room temperature, or which can be employed 
as FLC dopants to induce high polarization and fast switching speeds when combined in mixtures with FLC 
host materials. There are also several reports of FLC compounds having cores which contain cyclohexane and 
cyclohexene rings. 

The following are exemplary reports of FLC compounds containing cyclohexane or cyclohexene rings: 
25 LietaL (1991 ) Mol. Cryst. Liq. Cryst. 199:379-386 disclose cyclohexenyi liquid crystal compounds, having 

a chiral center in the mesogenic core, derived from the Diels-Alder reaction between myrcene and methyl ac- 
rylate, followed by hydrolysis and esterification with 4-hydroxy-4'-n-alkoxybiphenyl. The liquid crystal materials 
reported have the following structure: 



30 



35 
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40 The lower member cyclohexenecarboxylates (n = 1 and 2) have a large nematic range, and the higher members 
(n = 3-10) have multiple smectic phases in addition to the nematic phase. The presence of the cyclohexene 
ring is suggested to lead to multiple smectic phases. Nonracemic 4'-n-octyloxybiphenyl 4-(4-methyl-3-pente- 
nyl)-3-cyclohexenecarboxylate is reported to have a smectic C phase and a normal tilt angle, however, its po- 
larization density is extremely small (extrapolated polarization density, P ext , less than 1 nC/cm 2 ). It is suggested 

45 that the small polarization density is due to the small dipole associated with the chiral carbon in the tilt plane, 
which does not contribute to P. Further, the carbonyl adjacent to the chiral produces nearly equivalent, but 
opposite, dipole moments in the two potential configurations, which occur with nearly equal probability. 

Fung et aL (1989) Mol. Cryst Liq. Cryst. Let 6(6):191-196 report liquid crystal compounds containing a 
cyclohexene ring, derived from the Diels-Alder reaction between mycrene and methyl a cry I ate, followed by 

50 hydrolysis and esterification of the resulting acid with 4~hydroxy~4 -met hoxybi phenyl or 4-hydroxy-4 -cyano- 
biphenyl. The liquid crystal materials reported have the following structure: 



55 
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10 where X is a methoxy or cyano group. The two compounds exhibit broad nematic ranges (79-1 53°C and 93- 
152°C, respectively). 

Bezborodov eta!. (1989) Liq. Cryst. 4(2):209-215 disclose the mesomorphic (nematic) properties of cycio- 
hexenyi liquid crystal compounds derived from 4-substituted phenols and 4-n-alkylcydohexene-1-carbonyl 
chlorides where the double bond is in the 1, 2 or 3 position in the cyciohexene ring. The reference indicates 
15 that compounds containing the double bond in the 2 position of the cyciohexene (numbering from the carboxy 
group as is conventional) are the most promising for use as liquid crystal components, since the appearance 
of the double bond in the first or 3 positions of the ring causes a large distortion in the shape of the molecule. 
This distortion reportedly affects both the mesophase (nematic) range and the melting point. 

German patent document, Reiffenrath et aL, DE 3906040, published September 21, 1989 and WPI Ab- 
20 street 89-279241/39, refers to cyciohexene derivatives having the general formula: 

R 1 "-A 1 -Z 1 ~A 2 -{Z2-A3)m~R 2 

where and R 2 are 1-15 carbon alky! or 3-15 carbon alkenyi groups, optionally with one CN or at least one 
flourine or chlorine substituent, in which a CH 2 group can be replaced with -O, -OCO-, -COO- or -OCOO-, 
and one of R 1 and R 2 can be CN; where A 1 , A 2 and As can be 1 ,4-cyclohexenyiene or trans-1 ,4-cyclohexylene 

25 in which one or two non-adjacent CH 2 groups can be replaced by -O-, or 1,4-phenylene, optionally with one 
or two fluorine substituents, in which one or two CH 2 groups can be replaced by nitrogen, at least one of 
Als being 2,3-dif iuoro~1 ,4-phenylene, and at least one of Ai_ 3 being 1,4-cyclohexenylene; and where and 
Z 2 can be -COO-, -OCO-, -CH 2 0-, -OCH r , -CH 2 CH 2 - or a single bond. The reference refers to 1 ,4-cyclohex- 
enylenes having the double bond in the 1 , 2 or 3 position. 

30 Tanaka et a[. (1989) European Patent Application, Pub. No. 331091 refers to tetracyclic cy do hex yi cycio- 

hexene derivatives having the formula: 



35 

I 



40 

where R is a straight-chained alky! group having 1-9 carbon atoms; A is a cyclohexyl, cyclohexenyl, or phenyl 
ring; B and C are cyclohexyl or clyclohexenyl rings; n is 0 or 1; when n is 0, X is a cyano group and Y is a hy- 
drogen or fluorine atom; when n is 1 , X is a fluorine atom, a straight-chained alkyl group having 1-9 carbon 
atoms, and Y is a hydrogen or fluorine atom. The disclosed liquid crystal compounds exhibit high N-l and low 
45 ON or S-N points. 

Eidenschink et al., WO 87/05015, discloses cyclohexane containing liquid crystal and ferroelectric liquid 
crystal compositions having the general formulas: 

ri_ A i-Z 1 -A2-R 2 

where A 1 and A 2 can be a phenyl, cyclohexyl, phenyipyrimidine, or substituted cyciohexene ring. Eidenschink 
so et al. does not specifically disclose a cyciohexene ring, but generically discusses reduced groups at page 14, 
fourth paragraph, and suggests that the claimed compounds can include reduced groups. 

While a number of useful liquid crystal and smectic liquid crystal materials (both pure compounds and mix- 
tures) have been reported, there is a growing need for LC and FLC materials with varying properties of pitch 
and tilt angle for use in varied applications. In order to obtain faster switching speeds, FLC materials with low 
55 orientationai viscosity are desirable. Further, there is a need for LC host materials and FLC dopants with vary- 
ing mixing properties (which are dependent, at least in part, on chemical composition) for use in the preparation 
of FLC mixtures having desired chiral smectic phases at useful device operating temperatures (e.g. about 0°- 




4 



INSDOCID: <EP 05B2489A1J_> 



BP 0 582 489 A1 

10Q°C, preferably around room temperature about 10°-35°C). LC and FLC materials which result in mixtures 
that are stable to crystallization over useful device operating temperatures are desirable. LC host materials 
and FLC dopants which are readily synthesized and which impart longer chiral smectic phase pitch, tilt angle 
of about 22.5°, lower orientationa! viscosity, broader LC and FLC phases, and suppress crystallization in such 
5 mixtures are of particular interest 

Summary of the Invention 

An object of the present invention is to provide new classes of LC and FLC compounds, having core groups 
10 containing a cyclohexene ring, which impart improved properties to LC and FLC materials. 
The present invention provides cyclohexenyl ether or esters of the formula: 



15 




wherein R 1 and R 2 , independently of one another, can be an alky!, cycloalkyl, alkenyi, alkoxy, ether, thioalkoxyl, 
thioether or aikylsiiyl group having from 1 to about 20 carbon atoms, Y denotes -COO-, -OOC-, -CH 2 0-, or 

20 -OCH 2 -; and Ar 1 and Ar 2 , independently of one another, can be cyclohexyl rings, phenyl rings or aromatic rings 
containing one or two nitrogens, for example, a pyridine, a pyrimtdine, a pyrazine, a pyridizine, or a thiadiazole. 
In preferred embodiments, at least one ring Ar-, or Ar 2 must be a nitrogen-containing aromatic ring. The non- 
cyclohexenyl rings can also be mono- or di-halogenated, wherein the halogen is preferably fluorine. Preferred 
cores contain rings linked in para, linear arrangement. 

25 In general, suitable liquid crystal cores are rigid, linear moieties. Preferred cores are those that are chem- 

ically stable and which do not impart high orientational viscosity in the liquid crystal phase. Cores of the present 
invention have a cyclohexenyl ring and at least one nitrogen-containing aromatic ring. The cyclohexenyl ring 
can be linked to the other rings of the core through an ester or ether linkage, e.g., -COCK -OOC-, -CH 2 0-, or 
-OCH 2 -. The non-cyclohexenyl rings of the core include, but are not limited to, 1,4-phenyt, mono- or dihaio- 

30 genated 1,4-phenyt, 2,5-pyridinyl, 2,5-pyrimidyi, 2,5-pyrazinyl, 2,5-thiadiazole, and 3,6-pyridazinyl. 
Exemplary, A^ and Ar 2 rings can include, but are not limited to, the following: 
1,4-substituted phenyl ring, e.g.,: 




Mono- or di-f luorinated phenyl ring, e.g.,: 



45 




2,5-substituted pyridine ring, e.g.,: 



50 




2,5-substituted pyrimidine rings, e.g.,: 
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2 5 S-suhstitufeci pyrazine ring, e.g.,: 



5 




2,5-substituted thiadlazole ring, e.g.,: 



10 




3,6-substituted pyridizine ring, e.g.,: 

15 




20 

1,4-cyclohexyl ring, e.g.,: 



25 




(particularly trans- 1 ,4-cyclohexyl) 
Preferred nitrogen-containing Ar, and Ar 2 moieties of this Invention are 2,5-substituted pyrimidine or 2,5- 
30 substituted pyridine rings. Preferred halogenated Ar, and Ar 2 are fluorinated 1,4-phenyi rings and fluorinated 
pyridine rings with 2-fluoro-, 3-fluoro- or 2,3-dif luoro-substituted 1,4-phenyl rings and 2-fiuoro-3,6-substituted 
pyridine rings being more preferred, More preferred cores are those containing a 1 ,4-pheny! ring or fluorinated 
1 ,4-phenyl ring in combination with a 2,5-substituted pyrimidine or 2,5-substituted pyridine ring. 

The tail units R, and R 2 are preferably linked on opposite ends of the core in a para arrangement. The 
35 non-cyctohexenyl rings of the core can be arranged within the core in either orientation with respect to the 
cyciohexenyi and R 1 tail unit. 

The compounds of the present invention have R-j which may or may not be chiral. R 1 tails of the present 
invention include alkyl, alkenyl, alkoxy, thioalkyl* thioether, alkylsiiyl orcycloaikyl groups having one to twenty 
carbon atoms. The R 1 tail units can be straight-chain or branched. Alkenyl R 1 tails preferably have one double 
40 bond and more preferably have an co-double bond. R 1 tails include alkoxy tails, e.g., R A = C n H 2n+r O-(where n 
is preferably 20 or less) and ether tails, e.g., C n H 2n+ rO-CH 2 - (where n is preferably 19 or less) and preferably 
contain one oxygen atom. R, tails include thioalkyl tails, e.g., R<j= C n H 2n+1 -S- (where n is preferably 20 or less), 
and thioether tails, e.g., R t = C n H 2n+1 -S-CH 2 (where n is preferably less than 19), and preferably contain one 
sulfur atom. R 1 tails also include alkylsiiyl tails, e.g., C n H 2n+1 -Si(CH 3 ) 2 -C m H 2m+1 « (where n + m is preferably 18 
45 or less) or (CH 3 ) 3 Si-C n H 2rH . r (where n is preferably 17 or less), where a dialkylsilyl group such as (CH 3 ) 2 Si is 
inserted within an alkyl chain. R, cycloalkyl tails include cyclo propyl tails, particularly wherein a cyclopropyl 
group is at the end of the tail (co-position), e.g., c-propyi-C n H 2n +r (where n is preferably 17 or less). Preferred 
R 1 tails have one to twenty carbon atoms, i.e., n ^20 in the above exemplif ied formulas. R 1 tails of the present 
invention are most preferably alkyl, alkoxy and co-alkenyl tails containing one to twenty carbon atoms. Non- 
50 adjacent carbon atoms in R 1 alkyl, alkoxy or alkenyl tails can be replaced with a double bond, oxygen atom, 
sulfur atom, cyclopropyl group or silylalkyl group such as Si(CH 3 ) 2 . Preferred tails contain only one such sub- 
stitution. R t tails more preferably contain three to twelve carbon atoms and most preferably f ive to twelve car- 
bon atoms. 

In general, R 2 can be any of the alkyl, alkenyl, alkoxy, ether, cycloalkyl, thioalkyl, thioether and alkylsilyi 
55 groups defined above for R v R-, and R 2 can be the same or different tail groups. Since R 2 is attached to the 
cyclohexene ring at the double bond, preferred R 2 tails have a CH2 group at the first position in the tail. As 
with R 1f R 2 tails can be straight-chain or branched, chiral nonracemic or achiral groups. Preferred R 2 tails con- 
tain 1 to 20 carbon atoms. Tails having three to twelve carbons are more preferred and tails having five to twelve 

6 
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carbons are most preferred. 

R 2 that are alky! and alkenyl groups are more preferred. For R 2 that is alkenyl, oalkenyl groups are pre- 
ferred. For R 2 that is a thioether or ether, tails containing a single S or O are preferred, such as C n H2n+rS- 
CH 2 - and C n H 2fH <rO-GH 2 - (where n is preferably 1 9 or less). In alky!, alkenyl, thioether and ether R 2 tails, one 
5 or more of the non-neighboring carbon atoms can be replaced with acyclopropyl group, alkylsilyl group, S atom 
or O atom. Preferably, R 2 groups contain only one such substitution and such substitution is preferably not at 
the 1 -position in the tail. 

If R 2 or R 1 is an alkenyl group, the double bonds can be located at any position in the segment and can 
be cis or trans substituted double bonds. However, trans double bonds are preferred over cis double bonds 
10 which are likely to result In reduced solubility of the compound in host materials. Additionally, cis double bonds 
in R 1 and R 2 tails will likely narrow the smectic C* range. 

R 1 and R 2 can be straight chain or branched. Branching of R 1 and/or R 2 can broaden the smectic C* phase 
of the compound itself or of an FLC mixture containing the compound. The branching effect is enhanced when 
branching is more distant from the core. It has also been observed that if branching occurs at carbons 2-8 (rel- 
15 ative to the core), the polarization density of the FLC molecule is generally not significantly affected. 

Specific R 1 and/or R 2 groups include, but are not limited to: methyl, ethyl, n- propyl, iso- propyl, n- butyl, s- 
butyi, iso-hutyl, t- butyl, n-pentyl, 1 -methyl butyl, 2-methyl butyl, 3-methylbutyl, 2,2-dimethyi propyl, 1,1 -dime- 
thylpropyl, n-hexyl, 1 -methyl pentyl, 2-methyl pentyl, 3-methyipentyl, 4-methylpentyl, n-heptyl, 1-methylhexyl, 
2-methylhexyl, 3-methyihexyl, 4-methylhexyl, 5-methylhexyl, n-octyl, 1-methylheptyi, 2-methyiheptyl, 3-me- 
20 thylheptyi, 4-methylheptyl, 5-methylheptyl, 6-methylheptyl, n-nonyl, 1-methyloctyi, 2-methyloctyl, 3-methy- 
loctyl, 4-methyloctyl, 5-methyioctyl, 6-methyloctyl, 7-methyloctyl, n-decyl, 1-methyinonyl, 2-methyl no nyl, 3- 
methylnonyl, 4-methylnonyl, 5-methyinonyl, 6-methylnonyi, 7-methylnonyl, 8-methylnonyl, dimethyl pentyl, di- 
methylhexyl, dimethylheptyl, dimethyloctyl, dimethyl no nyl, n-undecyl, n-dodecyl, dimethyidecyl, n-propade- 
cyl, n-butadecyl, n-pentadecyl, n-hexadecyl, n-heptadecyl, n-octadecyl, 3-butenyl, 4-pentenyl, 5-hexenyl, 6- 
25 heptenyl, n-propoxy, n-ethoxy, n-butoxy, n-undecoxy, n-dodecoxy, 2- met hoxy met hyl , 2-methoxypentyl, 2- 
oxypentyl, 3-oxypentyl, 4-oxy pentyl, 2-oxyhexyl, 3-oxyhexyl, 4-oxyhexyl, 5-oxyhexyl, 2-oxyheptyl, 3-oxyhep- 
tyl, 4-oxy he ptyl, 5-oxyheptyl and 6-oxyheptyl, n-5-hexenyl, n-6-heptenyl, n-7-octenyi, n-8-nonenyl, n-9-dece- 
nyl, 4-methyl-3-pentenyl, 5-methl-4-hexenyl, n-8-cyclopropyloctyl, n-7-cyclopropylheptyi, 6-trimethylsiiylhex- 
yl, 7- trimet hy Is ilyl he pty 1 , 8-trimethylsiiyloctyl, n-butyldimethylsilylbutyl. 
30 Formulas for R-, and/or R 2 groups include, but are not limited to the following (where n ^ 20): 

C n H 2n+1 - (alkyl), n £ 20 
C n H 2n+1 0 - (alkoxy), n s 20 
C n H 2n+1 S - (thioalkyl), n ^ 20 
CH 2 =CH-C n H 2n+1 - (alkene), n ^ 18 
35 c-propyl-C n H 2n+1 - (cyclopropylalkyl), n ^ 17 

C n H 2n+r O-CH 2 - (ether), n £ 19 
C n H 2n+1 -S-CH 2 - (thioether), n ^ 19 
(CH 3 ) 3 -Si-C n H 2n+1 - (trimethylsilylalkyl), n £ 17 
In one aspect, this invention provides cyciohexeny! ethers of the formula: 

40 



45 




wherein R 1? R 2 , Ar-, and Ar 2 are as defined above and Yi is -CH 2 f> or -0-CH 2 - and wherein at least one of Ar, 
or Ar 2 is an nitrogen containing aromatic ring. 

In a related aspect of this invention compounds of formula I and II having one of A^ or Ar 2 that is a trans - 
50 1 ,4-cyclohexyl and the other of Ar 1 or Ar 2 that is a 1 ,4-phenyl ring are provided which are useful as components 
of LC and FLC mixtures. 

In a second aspect, this invention specifically provides cyciohexeny! esters of the formula: 



55 



(11) 



R 1 - A r , - A 



1 i M r 2 ~ Y 2" 



-R 
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wherein R 1t R 2? Ar 1 and Ar 2 are as defined above and Y 2 is -COO- and ~GGC~ 9 and wherein at least one of 
or Ar 2 Is a nitrogen-containing aromatic ring. 

In general, the cyclohexenyi ethers and cyclohexenyl esters of the present invention are useful as com- 
ponents of liquid crystal materials. In particular, the cyclohexenyl compounds of this invention can be employed 

5 as components of FLC host materials. Chiraliy asymmetric molecules (R 1 and/or R 2 = chirai nonracemic group) 
of this invention are also useful as components of FLC materials. Certain of these compounds can impart fast 
switching speeds to low polarization materials when mixed with such materials to form FLC compositions. Cer- 
tain of the compounds of this invention can import longer helix pitch to FLC compositions. Certain of the com- 
pounds of this invention exhibit liquid crystal phases, including smectic C phases. 

10 This invention includes LC and FLC compositions and FLC host compositions, particularly those compo- 

sitions with smectic C* helix pitch of 3.0 u.m or more, containing one or more of the compounds of formulas I 
and II. 

Detailed Description of the Invention 

15 

An important feature of the present invention is the finding that the cyclohexenyl ether compounds of for- 
mula I and the cyclohexenyi ester compounds of formula II exhibit a longer helix pitch in the smectic C* phase 
relative to those of analogous compounds having a cyclohexyl ring in the core (Table 1). The magnitude of the 
pitch of the helix is the distance along the helix axis for one full turn of the helix. The term "pitch" as used 
20 herein refers to the magnitude of the pitch. As will be appreciated by those skilled in the art, the longer helix 
pitch improves the alignment of the FLC compounds and decreases surface interactions in SSFLC electro- 
optical devices, thus enhancing the usefulness of these compounds in such devices. Alignment is significantly 
improved and surface interactions are significant decreased when the helix pitch in the chirai smectic phase 
Is longer than about 3.0 urn. 

25 Another surprising f inding of the present invention is that the cyclohexenyl ether and cyclohexenyl ester 

compounds formulas I and IS of the present invention impart a lower tilt angle approaching 22.5° to FLC mixtures 
than analogous compounds having a cyclohexyl ring. The tilt angle of mixtures containing cyclohexenyl com- 
pounds are found to approach 22.5°, the optimal tilt angle for FLC materials in order to obtain maximum contrast 
used in direct drive, fiat panel display applications. Maximum contrast in an SSFLC device is obtained when 

30 the voltage step applied across the aligned FLC layer in the cell rotates the optic axis of the cell by a total of 
45° between the "OFF" and "ON" states. Contrast depends on the amount of light leaking through in the OFF 
state and the maximum transmission in the ON state. As illustrated in Table 2, substitution of a cyclohexenyi 
component for the analogous cyclohexyl component (in a phenylpyrimidine-based host material containing the 
same FLC dopant) reduces the tilt angle of the FLC material to around 22.5°, the optimal tilt angle. 

35 A further unexpected finding is that the cyclohexenyl compounds of the present invention have improved 

mixing properties in FLC materials, as compared to their cyclohexyl counterparts. The cyclohexenyl ethers and 
esters are found to suppress crystallization of FLC materials, thus improving the miscibility and viscosity of 
the liquid crystal composition. As shown in Table 2, substitution of a cyclohexenyl dopant for the analogous 
cyclohexyl compound (in phenyipyrimidine host material) reduces both the melting and supercooling points of 

40 the phenyipyrimidine material, thereby lowering the temperature at which crystallization occurs and widening 
the useful C* range. 

Yet another unexpected finding is that the cyclohexenyl compounds of the present invention impart faster 
switching speeds to FLC mixtures, as compared to their cyclohexyl counterparts. Since the switching speed 
(optical rise time) is directly proportional to orientational viscosity, fast switching speeds are associated with 

45 FLC phases possessing low orientational viscosity. Table 2 shows that replacing a cyclohexyl with a cyclohex- 
enyl component (in phenyipyrimidine host material) significantly reduces the rise time of the phenyipyrimidine 
mixture. This is believed to be a consequence of a lowering of the orientational viscosity of the FLC mixture 
when the cyclohexenyl component is added. 

Table 1 provides phase diagrams for representative cyclohexenyl compounds of this invention. Table 3 pro- 

so vides phase diagrams for representative FLC mixtures of this invention. The cyclohexenyl component used is 
identified by a formula number and the structure of these components is given below. FLC mixtures comprising 
the cyclohexenyl compounds of the present invention are found to exhibit smectic C* phases over a broader 
temperature range than FLC mixtures containing analogous cyclohexyl compounds. Table 3 shows that sub- 
stitution of a cyclohexenyl component (in phenyipyrimidine host material) for the corresponding cyclohexyl 

55 compound can improve the lower range of the C* phase, thereby broadening the useful temperature range of 
the FLC mixture. 

The ease of synthesis of the cyclohexenyl compounds, as compared to their cyclohexyl counterparts, rep- 
resents yet another advantage of the present invention. More specif ically, the synthesis of R 2 -substituted cy- 
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ciohexenes via the Diels-Alder reaction (Schemes I and I! below) results in a single 1 ,4-substituted product: 
the "twist-boar cydohexene. In contrast, the synthesis of R 2 -substituted cyclohexanes results in formation of 
two isomeric (ess and trans) products which can be more difficult to separate thus making the synthesis of the 
pure isomers more difficult 

5 The general synthesis of chiral and achirai compounds of formula I with equal to -OCH 2 - and II with Y 2 

= to -OOC- is illustrated in Scheme I, paths A and B, respectively. The general synthesis of chiral and achirai 
compounds of formula I with Y 1 equal to -CH 2 0- and II with Y 2 = to -COO- is illustrated in Scheme 11, paths A 
and B, respectively. 

In general terms, as shown in Scheme 1, compounds of formulas 1 and IS are derived from the Diels-Alder 

w reaction between a substituted diene (1) and ethyi acrylate, followed by hydrolysis of the resulting cydohexene 
carboxylic acid ethyl ester (2) to the corresponding acid (3). In path A, acid (3) is reduced to the corresponding 
cylohexenyl alcohol (4), tosylated (5) and coupled to a substituted cyclohexanol or substituted aryi alcohol (6) 
to produce the cyclohexenyi ethers (I, Y 1 = -OCH 2 -). In path B, acid (3) is transformed into the acid chloride 
(7) which is then coupled to a substituted cyclohexanol or substituted aryi alcohol (6) to produce the cyclohex- 

15 ene carboxylic acid ester (II, Y 2 = -QOC-). 

in general terms, as shown in Scheme II, compounds of formulas i, where Y 1 is -CH 2 0-, and IE, where Y 2 
is -COO- are derived from the Diels-Alder reaction between a substituted diene (1) and vinyl acetate, followed 
by hydrolysis of the resulting acetic acid cylohexenyl ester (8) to the corresponding cyclohexenyi alcohol (9). 
In path A of Scheme II, alcohol (9) is coupled with an aryl or cyciohexane substituted tosylate (10) to produce 

20 the cyclohexenyi ethers (I, Y 1 = -CH 2 0-). In path B, alcohol (9) is coupled with the aryl or cyciohexane car- 
boxylic acid chloride (11) to produce the cyclohexenyi ester (II, Y 2 = -COO-). 

The synthetic routes of Schemes I and ll can be employed with R 1 and R 2 which are chiral or achirai and 
which are straight chain or branched groups. The methods can be readily adapted by those of ordinary skill 
in the art to the synthesis of compounds of formulas I and li with any of the cores or tail groups described 

25 above. 
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SCHEME 1 
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SCHEME II 
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40 The starting diene (1) is available commercially or can be synthesized by a variety of methods known in 

the art. For example, the diene (1A) where R = aikyl or alkenyl can be synthesized by reaction of a-bromo- 
methyibutadiene (from bromination of isoprene with n-bromosuccinimide (NBS)) with an appropriate Gringard 
reagent 



45 



50 



55 




NBS 



8 r 




R U g B r 




(1A) 

where R 2 . C N . 



Alternatively, the starting diene (1) where R 2 is alkoxy, can be synthesized, for example, by reaction of a- 
bromomethyl butadiene with sodium n-butoxide, for example, in THF. 
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The procedure illustrated in Schemes 1 and 11 can be used or readily adopted by known variants to prepare 
cyclohexenyi ethers and esters of this invention. 

The substituted cyciohexanols or substituted ary! alcohols (e.g., 6, 10) employed for the preparation of the 
compounds of formulas I and II are either commercially available or can be prepared by methods known to 
the art Carboxyiic acid starting materials and their corresponding acid chlorides (11) are also readily available. 
Descriptions in the examples and Schemes I and II provide guidance for the synthesis of compounds having 
selected Ar-t and Ar 2 core units and selected R 1 and R 2 groups. 

Thiadiazoles of the structure: 



10 




where R' and/or R" is an alky I, alkenyl, alkoxy, thioalkyl, siiylalkyl, or cyclopropyl group, can be synthesized, 
for example, as described in published European patent application 89105489.2, or by routine adaptation of 
20 those methods. Achiral and chiraf nonracemic tails can be attached to the thiadiazoie ring by conventional 
methods. Means for coupling the thiazole ring to other rings in the cores of this invention are known in the 
art. 

Aikyl, alkenyl, alkoxy, ether, thioalkyl, thioether, alkylsiiyl, and cycloalkyl R n and R 2 groups can be readily 
introduced by routine adaptation of known methods into the cyclohexenyi cores of the present invention in view 
25 of the teachings herein. 

Dialkylsilyl groups can be introduced into or R 2 tails employing known methods, for example as descri- 
bed in EP application 355,008 published February 21, 1990, or by routine adaptation of methods described 
therein. 

R 2 - and R r substituted starting materials are commercially available or can be readily synthesized by 
30 known methods or routine adaptation of known methods particularly in view of the guidance provided herein. 
Preferred examples of the compounds of this invention include but are not limited to: 
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f a 4 2 / I I a 4 2 



I a 4 3 / I I a 4 3 



I a A 4 / ! f a 4 4 



I a 4 5 / I i a 4 5 



i a 4 6 / ! ! a 4 6 



I a 4 7 / I I a 4 7 



More specific preferred examples of compounds of this invention include but are not limited to: 
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The following compounds have been synthesized: 
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M DW5 7 7 



M DW5 7 6 



15 When used In the above formulas, R 1f R 2f Ar 1t Ar 2 , Y, Y 1 and Y 2 are the same as defined in the genera! 

formulas I and II, above. 

Many of the compounds of the subject invention, specifically cyclohexenyS compounds wherein R 1 and R 2 
are achiral groups, do not possess an enantiotropic or monotropic ferroelectric (smectic C*) liquid crystal phase. 
However, when these compounds are mixed with a chirai, nonracemic FLC dopant, such as MDW232 (below), 
20 and a known FLC host material, such as the phenylpyrimidine host material MX5343 (see Table 4), mixtures 
are produced which possess ferroelectric smectic C* phases. These mixtures exhibit improved tilt angle, C* 
pitch, switching speed and mixing properties relative to FLC mixtures comprising analogous cyclohexyl com- 
pounds. 



25 

F 




! -::;w23 2 



Table 2 summarizes the tilt angle, C* pitch, rise time, melting point and supercooling point of mixtures com- 
prising 20% (w/w) of the subject cyclohexenyl compounds or, alternatively, 20% (w/w) of cyclohexyl com- 
pounds, 10% (w/w) of the chirai dopant MDW232, and 70% (w/w) of the phenylpyrimidine host MX5343. In 
Table 2, the melting and supercooling points are given in °C, C* pitch is given in u.m, tilt angles are given in 
40 degrees, and rise times were measured under an applied electric field strength of ± 5 volts and given in 
^sec/|im. 

As shown in Table 2, mixtures containing the cyclohexenyl compounds of the present invention possess 
a longer helix pitch in the smectic C* phase relative to mixtures containing analogous cyclohexyl compounds. 
In addition, the subject cyclohexenyl compounds impart improved mixing properties to FLC mixtures as com- 

45 pared to their cyclohexyl counterparts. Specifically, mixtures comprising the cyclohexenyl compounds have 
lower melting and supercooling points and, therefore, lower temperatures of crystallization. Moreover, mixtures 
containing the subject cyclohexenyl compounds exhibit a lower tilt angle than mixtures containing analogous 
cyclohexyl compounds. The tilt angle of mixtures comprising cyclohexenyl compounds approach 22.5°, the op- 
timal tilt angle for FLC materials used in direct drive, flat panel display applications. Finally, as can be seen 

so from Table 3, FLC mixtures containing the subject cyclohexenyl compounds exhibit smectic C* phases over a 
broader temperature range than FLC mixtures containing analogous cyclohexyl compounds. 

EXAMPLES 

55 Example 1 ; Synthesis of Cyclohexenyl methyl Ethers 

This example illustrates the procedures for synthesis of cyclohexenyl ethers (Scheme I, path A) bydetailing 
the synthesis of the cyclohexenyl ether, 2-{4'-[(4-(4-methyl-3-pentenyl)-3-cyclohexenyl)-methylenoxy]-phe- 
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nyl}-5-nonylpyrimidine MDW343 (I, where Y-j = -€>-CH 2 ~ 9 Ri = C e H 19 and R 2 = 4-rnet hy I- 3-pe ntene) . 

Ethyl acrylate (25.5 ml, 0.235 mol) was introduced into a 500 m! oven-dried round bottom flask containing 
a magnetic stir bar, along with anhydrous toluene (235 ml) and aluminum chloride (3.14 g, 23.5 mmoi). The 
resulting solution was cooled to 0°C, after which freshly distilled mycrene (40 ml, 0.235 mmol) was added drop- 

5 wise over a period of 30 minutes. The reaction mixture was then stirred for 5 hr at 0°C, and allowed to sit in a 
4°C refrigerator overnight. The resulting yellow mixture was placed in an extraction funnel, and washed with 
two 200 ml aliquots of 1% HCI. The first acid wash was cloudy, the second was clear. The reaction mixture 
was further washed with 100 ml water, then with 100 ml saturated sodium chloride, and dried over a combin- 
ation of sodium sulfate and potassium carbonate. The mixture was filtered through celite, and the solvent re- 

10 moved in vacuo. The resulting liquid was distilled at 107-109°C at 1 mm Hg to afford 37.2 g (87% yield) of the 
product, ethyl 4-(4-methyl-3-pentenyl)-3-cyclohexen-1-carboxylate, as a colorless liquid. 

Ethyl 4-(4-methyl~3-pentenyl)-3-cyclohexen-1-carboxyiate (30g or 0.1 27 mol), water (127 ml), and potas- 
sium hydroxide (24.4 g or 0.444 mol) were added to a 250 ml round bottom flask equipped with a stir bar. A 
reflux condenser was attached to the flask, and the mixture was stirred under reflux for 16 hours. Concentrated 

is HCI (40 ml), water (40 ml), and ice (ca. 40 g) were added to an extraction funnel. The reaction mixture was 
then added to the funnel, and the mixture extracted with dichloromethane (100 ml). After two further extrac- 
tions with 50 ml aliquots of dichloromethane, the combined organic extracts were dried with sodium sulfate. 
The solvent was removed in vacuo, leaving a slightly yellow oil (26.3 g) which crystallized upon standing. The 
solid was recrystallized from a mixture of methanol (70 ml) and water (25 ml), giving fine white needles (15.3 

20 g) with a melting point of 55.5-57.5°C. The mother liquor was concentrated in vacuo and recrystallized again 
(87 ml methanol, 35 ml water), affording an additional 6.0 g of needles having a melting point of 53-54°C. The 
total yield of the product, 4-(4-methyl-3-pentenyl)-3-cyclohexen-1-carboxylic acid, was 21.3 g (81%). 

4-(4-methyl-3-pentenyl)-3-cyclohexen-1-methanol was synthesized as follows. An oven-dried refluxing 
condenser and an oven-dried 125 ml pressure-equal ized addition funnel was attached to an oven-dried 500 

25 ml 3-neck round-bottom flask. A magnetic stir bar was added, along with lithium aluminum hydride (LAH; 3.64 
g or 96 mmol). Tetrahydrofuran (100 ml) was then added, and the suspension was cooled to 0°C in an ice bath. 
A solution of 4-(4-methyl-3-pentenyl)-3-cyciohexen-1-carboxyl!C acid (10g or 48 mmol) and THF (30 ml) was 
placed in the addition funnel, and the acid solution was added dropwise to the LAH suspension over a period 
of about 10 minutes. The residual acid in the addition funnel was washed into the LAH suspension with two 

30 further 10 ml aliquots of THF, the ice bath was removed, and the reaction was allowed to stir for at least 3 
hours. After stirring, the reaction was again cooled to 0°C and 18 ml water (5 ml water for each g LAH) was 
placed in the addition funnel. A further 50 ml THF was added to the reaction mixture to make the LAH sus- 
pension less viscous, and the evolved hydrogen gas was allowed to escape. The water was added dropwise 
to the LAH suspension over a period of about 30 minutes. The ice bath was then removed and the gray sus- 

35 pension was allowed to stir (approximately 3 hours) until the reaction turned white with no residual gray color. 
The reaction mixture was then acidified with 2M HCI (150 ml), extracted with a 1:1 (v/v) ethyl acetate: hexane 
mixture (shaken with saturated NaCI), dried over a mixture of anhydrous Na 2 S0 4 and K 2 CG 3 , filtered, and rotary 
evaporated. Thin layer chromatography using 1:4 (v/v) ethyl acetate: hexane showed the product at Rf 0.17, 
with small impurity spots at Rf 0.0 and Rf 0.26. Removal of solvent, at 92-95°C, 1 torr, gave 8.89 g (95%) of 

40 4-(4-methyl-3-pentenyl)-3-cyciohexen-1 -methanol, as a slightly yellow oil. 

To produce 4-(4-methyl-3-pentenyl)-3-cyclohexen-1 -methanol toluenesulfonate, 4-(4-methyl-3-pente~ 
nyl)-3-cyclohexen- 1 -met han ol (7.89 g, 40.6 mmol) and pyridine (8.2 ml, 101.6 mmol) were added to a 50 ml 
oven-dried round bottom flask. The mixture was stirred in an ice bath at 0°C for 1 5 minutes, p-toluenesulfonyi 
chloride (TsCI; 8.13 g or 42.7 mmol) was then added, the reaction mixture stirred for a further 60 minutes at 

45 0°C, and the mixture allowed to sit overnight in a -20°C cooler. The reaction was found to be complete by TLC 
after 16 hours. The Rf of the product in 1:4 (v:v) ethyl acetate: hexane was 0.42. 10 ml each of THF and water 
were then added, the reaction mixture stirred at room temperature for 1 hour, and then extracted with 2 N HCI 
(74 ml) and ethyl acetate. The combined organic layers were washed with saturated NaCI, dried over sodium 
sulfate and potassium carbonate, and rotary evaporated to produce 14.1 g (99%) of 4-(4-methyi-3-pentenyl)- 

50 3-cyciohexen-1 -methanol toluenesulfonate, as a light yellow, non-viscous oil. 

2-{4'-[(4-(4-methyl-3-pentenyl)-3-cyclohexenyl)methylenoxy]-phenyl}-5-nonylpyrimidine was synthe- 
sized as follows. 2-[4'-phenol]-5-decylpyrimidine (3.0 g, 10.1 mmol), 4-(4-methyi-3-pentenyl)-3-cyclohexen-1- 
methanol toluenesulfonate (3.5 g, 10.1 mmol), powdered cesium carbonate (3.4 g, 10.6 mmol), and dimethyi- 
formamide (30 ml) were added to a 50 ml round-bottom flask containing a stir bar. The reaction mixture was 

55 stirred under inert atmosphere at 75°C for 4.5 hours. The reaction mixture was then poured into a separatory 
funnel containing 2 N HCI (60 ml), and extracted with a 1:1 (v/v) ethyl acetate: hexane solvent mixture. The 
combined organic layers were then washed with saturated NaCI, and dried over a mixture of anhydrous sodium 
sulfate and potassium carbonate. The product was purified by recrystallization from 5:1 (v/v) a ceto nitrite: ethyl 
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acetate (ca. 200 ml), giving a light yellow solid (4.3 g). The solid was next purified by flash chromatography 
on a silica column using 4:1 (v/v) hexane.ethyl acetate as the eiuent, and rotary evaporated. The solid was 
further purified by filtration (0.5 firm filter) using dichloromethane as the solvent, and rotary evaporated. Finally, 
trie product was recrystaflized from hexane (30 ml) to afford 3.5 g (74% yield) of 2-{4 , -[(4-(4-methyl-3-pente- 
5 nyl)-3-cyclohexenyl)-methylenoxy]-phenyl)-5-nonylpyrimidine, as a white solid. 

Example 1a Synthesis of 2-{4 , -[(4-(4-methyi-3-pentenyl)-3-cyclohexe^ 
midine (MDW523) 

10 To make 3-{4'-[(4-(4-methyl-3-pentenyl)-3-cydohexeny!)-methylenoxy]-phenyl}-6-decylpyrimidine, the 

same procedure for making 2-{4'-[(4-(4-methyl-3~pentenyl)-3-cyclohexenyl)-methyienoxy]-phenyl}-5-nonyl- 
pyrimidine was followed with the exception that 3-[4'-pheno!]-6-decyipyrimidine was used In place of 2-[4'-phe- 
noi]-5-nonyl pyrimidine. 

15 Example 1b Synthesis of 2~{4'-[{4-(4-methyi-3-pentenyl)-3-cyclohexenyl)-methyienoxy]»phenyl}-5-octv!pyri-. 
dine (MDW555) 

To make 2-{4'-[(4-(4-methyi-3-pentenyi)-3-cyclohexenyl)-.methyienoxy]-phenyl}-5-octyl pyridine, the same 
procedure for making 2-{4'-[(4-(4-methyl-3-pentenyl)-3-cyclohexenyl)-methy!enoxy]-phenyl}-5-nonylpyrimi- 
20 dine was followed with the exception that 2-[4'-phenol]-5-octyipyridine was used in place of 2-[4'-phenol]-5- 
nonylpyrimidine. 

Example 1c Synthesis of 5-{44(4-(4-methyl-3-pentenyl)-3-cyclohexenyl)-methylenoxy]-phenyl}-2-decylthio- 
pyrimidine (MDW556) 

25 

To make 5^{4'-[(4-(4-methyl-3-pentenyl)-3-cydohexenyl)^^ 
the same procedure for making 2-{4'-[(4-(4-methyl-3-pentenyl)-3-cyclohexenyl)-methy{enoxy]-phenyl}-5-non- 
yfpyrimidlne was followed with the exception that 5-[4 -phenol]-2-decylthiopyrimidine was used in place of 2- 
[4-phenol)-5-nonylpyrimidine. 

30 

Example 1d Synthesis of 2-{44(4-(4-methyl-3-pentenyl)-3-cyclohexenyl)-methylenoxy^3'4luorophenyi}-5- 
octyl pyrimidine (MDW565) 

To make 244H(4-(4-methyl-3-pentenyl)-3-cyciohexenyi)-methylenoxy3-3 , -fiuoro-4'-phenoi}-5-octylpyrs- 
35 midine, the same procedure for making 2-{4 ! -[(4~(4~methyl-3-pentenyl)~3-cyciohexenyl)-methylenoxy]-phe~ 
nyl}-5-nonylpyrimidine was followed with the exception that 2-[3'-flouro-4'-phenol]-5-octyl pyrimidine was used 
in place of 2-[4'-phenoI]-5-nonylpyriiTtidine. 

Example 1e Synthesis of 1-{44(4-(4-methyl~3-pentenyl)-3-cyclohexenyl)-methylenoxy]-.phenylH~octylcy- 
40 clohexane (MDW569) 

To make 1-{4 5 -|(4-{4-methyl-3-pentenyl)~3-cyclohexenyl)-methylenoxy]»phenylH-octylcyclohexane^ the 
same procedure for making 2-{4 -[(4-(4-methyl-3-pentenyl)-3-cyclohexenyl)«methylenoxy]-phenyl}-5-nonyl- 
pyrimidine was followed with the exception that 1-[4'-phenol]-4-octylcyclohexane was used in place of 2-[4'- 
45 phenol]- 5-nonylpyrirnidine. 

Example 1f Synthesis of 2-(4 , ~decyloxyphenyl)-5-[4-(4~methyl^3~pentenyl)-3-cyclohexenyl)-methyienoxy]- 
primidine (MDW579) 

so To make 2-(4'-decyloxyphenyl)~5-[4-(4-methyi-3-pentenyl)-3~cyclohexenyl)-methylenoxy]-pyrimidine, the 

same procedure for making 2-{4'-.[(4-(4-methyl-3-pentenyl)-3-cyclohexenyl)-methyienoxy]-phenyl}-5-nonyl- 
pyrimidine was followed with the exception that 2-(4*-decyloxyphenyi)-5-ol-pyrimidine was used in place of 2- 
[4 -phenol]- 5-nonylpyrimidine. 

55 Example 1g Synthesis of 2-{4'-[(4-(4-methyi-3-pentenyl)-3-cyclohexenyl)methyienoxy]phenyl}-5-decyfoxy- 
pyrimsdine (MDW580) 

To make 2-{4'-[(4-(4-methyl-3-pentenyl)-3-cyclohexenyl)methylenoxy]phenyl}-5-decyloxypyrimidine, the 
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same procedure for making 2-{4'-[(4-(4-methyl-3-pentenyl)-3-cyciohexenyl)-met^^ 

pyrimidine was followed with the exception that 2-[4'-phenoi]-5-decyioxypyrimidine was used in place of 2-[4'- 
phenol]- 5-nonylpyrimidine. 

5 Example 1h Synthesis of 2-{4'-[(4-(4-methy}-3-pentenyl)-3-cyclohexeny[)-methylenoxy]-phenyi}-5-decyipyr- 
azlne 

To make 2-{4'-E(4-(4-rnethyl-3--pentenyl)-3-cyclohexenyl)-methylenoxy)-pheny!}-5~decyipyrazine, the 
same procedure for making 2-{4'-[(4-(4-methyl-3-pentenyl)-3-cyclohexenyl)-methylenoxy]-phenyl}-5«nonyi- 
10 pyrimidine is followed with the exception that 2-[4'-phenol]-5~decylpyrazine is used in place of 2~[4'-phenol]- 
5-nonylpyrimidine. 

Example 1 j Synthesis of 2-{4'-[(4-(4-methyl-3-pentenyl)-3-cyciohexenyl)-methylenoxy]-phenyl}-5-decylpyrt- 
dazine 

is 

To make 2-{4'-[(4~(4-methyl-3-pentenyl)-3-cyclohexenyl)-methylenoxy]-phenyl}-5-decyipyridazine, the 
same procedure for making 2-{4 -[(4-(4-methyl-3-pentenyl)-3-cyciohexenyl)-methyienoxy]-phenyl}-5-nony!- 
pyrimidine is followed with the exception that 2-[4'-phenoij-5-decylpyridazine is used in place of 2-[4'-pheno!]- 
5-nonylpyrimidine. 

20 

Example 2 : Synthesis of Cyclohexene Carboxylic Acid Esters 

This example illustrates the procedures (Scheme I, path B)for synthesis of cyclohexenyl esters by detailing 
the synthesis of the trans cyclohexenyl ester, 2-{4 , -[(4-(4-methyl-3-pentenyl)-3-cyclohexenyl)-carbonyloxy]- 

25 phenyi}-5-decylpyrimidine MDW336 (I, where Y 2 = -OOC-, R- t = C 10 H 2 i and R 2 = 4-methyl-3-pentene). 

Ethyl acryiate (25.5 ml, 0.235 mol) was introduced into a 500 mi oven-dried round bottom flask containing 
a magnetic stir bar, along with anhydrous toluene (235 ml) and aluminum chloride (3.14 g, 23.5 mmol). The 
resulting solution was cooled to 0°C, after which freshly distilled mycrene (40 ml, 0.235 mmol) was added drop- 
wise over a period of 30 minutes. The reaction mixture was then stirred for 5 hr at 0°C, and allowed to sit in a 

so 4°C refrigerator overnight. The resulting yellow mixture was placed in an extraction funnel, and washed with 
two 200 ml aliquots of 1% HCI. The first acid wash was cloudy, the second was clear. The reaction mixture 
was further washed with 100 ml water, then with 100 ml saturated sodium chloride, and dried over a combin- 
ation of sodium sulfate and potassium carbonate. The mixture was filtered through celite, and the solvent re- 
moved in vacuo . The resulting liquid was distilled at 107~109°C at 1 mm Hg to afford 37.2 g (67% yield) of the 

35 product, ethyl 4-(4-methyl-3-pentenyi)-3-cyclohexen-1-carboxylate, as a colorless liquid. 

Ethyl 4~(4-methyl-3-pentenyl)-3-cyclohexen-1-carboxylate (30g or 0.127 mol), water (127 ml), and potas- 
sium hydroxide (24.4 g or 0.444 mol) were added to a 250 ml round bottom flask equipped with a stir bar. A 
reflux condenser was attached to the flask, and the mixture was stirred under reflux for 16 hours. Concentrated 
HCI (40 ml), water (40 ml), and ice (ca. 40 g) were added to an extraction funnel. The reaction mixture was 

40 then added to the funnel, and the mixture extracted with dichloromethane (100 ml). After two further extrac- 
tions with 50 ml aliquots of dichloromethane, the combined organic extracts were dried with sodium sulfate. 
The solvent was removed in vacuo, leaving a slightly yellow oil (26.3 g) which crystallized upon standing. The 
solid was recrystallized from a mixture of methanol (70 ml) and water (25 ml), giving fine white needles (15.3 
g) with a melting point of 55.5-57. 5°C. The mother liquor was concentrated in vacuo and recrystallized again 

45 (87 ml methanol, 35 mi water), affording an additional 6.0 g of needles having a melting point of 53-54°C. The 
total yield of the product, 4-(4-methyl-3-pentenyl)-3-cyclohexen-1 -carboxylic acid, was 21.3 g (81%). 

2~{4'-[(4-(4-methyl-3-pentenyl)-3-cyclohexenyl)-carbonyloxy]-phenyl}-5-decyipyrimidine was synthe- 
sized as follows. 4-(4-methyl-3-pentenyl)-3-cyclohexen-1-carboxylic acid (400 mg, 1.9 mmol) and oxalyl chlor- 
ide (1 ml, 3.8 mmol) were added to a 1 0 ml round bottom flask containing a stir bar. The reaction mixture was 

50 stirred for approximately 45 minutes, rotary evaporated, and then placed under high vacuum (1 torr) for 1 hour. 
5-decyl-2-(4'-hydroxyphenyl)-pyrimidine (630 mg, 1.92 mmol), anhydrous tetrahydrofuran (3 ml), dimethyl a- 
minopyridine (DMAP; 3 mg), and triethylamine (3 mi) were then added. The reaction mixture was then stirred 
for 14 hours, poured into a dilute HCI solution, and extracted with ethyl acetate. The combined organic layers 
were washed with saturated NaCi, dried over a mixture of Na 2 S0 4 and K 2 CQ 35 and rotary evaporated. The prod- 

55 uct was purified by chromatography using a 9:1 (v/v) hexane:ethyl acetate mixture, affording 824 mg (85% 
yield) of a white solid. The product, 2-{4'-t(4-(4-methyl-3-pentenyl)-3-cyclohexenyl)-carbonyloxy]-phenyl}-5- 
decylpyrimidine, was further purified by sequential re crystallization from ethane! then from a 9:1 (v:v) aceto- 
nitriierethyl acetate mixture to afford 601 mg (62% yield) of a fine white crystal material. 
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Example 2a Synthesis of 1-{4'»[(4-(4-methyl--3-pentenyl)-3-cyd^ 
hexane (MDW571) 

To make 1-{4'-[(4-{4-rnethyl-3-pentenyI)-3-cydohexenyS)-carbonyloxy]-phenyl}--4-octylcyGlohexane > the 
5 same procedure for making 2-{4'-[(4-(4-methyl-3-pentenyl)-3-cyclohexenyl)-carbonyloxy]-phenyl}-5-decyipyr- 
imidine was followed with the exception that 1-[4'-phenol]-4-octylcyclohexane was used in place of 2-[4'-phe- 
noI)-5-decylpyrimidlne. 

Example 2b Synthesis of 2-{4 ? -[{4-methyI-3-cycIohexenyl)-carbonyloxy]-phenyl}-5-decylpyrirnsdine 
w (MDW576) 

To make 2-(4 , -[(4-methy!~3-cyclohexenyl)-carbonyloxy]-phenyl}-5-decyipyrimldine, the same procedure 
for making 2-{4'-[(4-(4-methyi-3-pentenyl)-3-cyciohexenyl)-carbonyloxy!-pheny!)~5-decylpyrimidine was fol- 
lowed with the exception that distilled isoprene was used in place of mycrene. 

15 

Example 2c Synthesis of 2-(4'-decyloxyphenyl)-5-[(4-methyl-3-pentenyl)-3-.cyciohexenyl)-carbonyloxy]-pyn- 
midine (MDW577) 

To make 2-(4'-decyloxyphenyl)-5-[(4-methyl-3-pentenyl)-3-cyclohexenyl)-carbonyloxy]-primidine, the 
20 same procedure for making 2-{4'-[(4-(4-methyl-3~pentenyl)-3-cyclohexenyl)~carbonyloxy]-phenyl}-5-decylpyr- 
imidine was followed with the exception that 2-(4 -decyioxyphenyl)-5-ol-pyrirnidine was used In place of 2-[4'- 
phenol]-5-decylpyrimidine. 

Example 2d Synthesis of 2-{4'-[(4-methyl-3-cyclohexenyl)-carbonyloxy3-phenyl}-5-decyioxypynmidine 
25 (MDW578) 

To make 2-{4'-[(4-methyl-3-cyclohexenyl)-carbonyloxy)-phenyl}-5-decyloxypyrimidine, the same proce- 
dure for making 2-{4'-[(4-(4-methyl-3-pentenyl)-3-cyclohexenyl)-carbonyloxy]-phenyl}-5-decylpyrimidine was 
followed with the exception that 2-[4'-phenol]-5-decyloxypyrimidine was used in place of 2-f4'-phenoS]-5~de- 
30 cyipyrimidine. 

Example 3 : Synthesis of Straight-chain Alkylcyclohexene Carboxylic Acid Esters 

This example illustrates the procedures for synthesis of straight-chain alkylcyclohexenyl esters by detailing 

35 the synthesis of the alkylcyclohexenyl ester, 2-[4'-(4-pentyl-3-cyciohexencarbonyloxy)-phenyl]-5~decylpyrimi- 
dine (I, where Y 2 = -OOC-, R«j = C 10 H 2 i and R 2 = pentyi). 

n-bromosuccinimide (5.34 g) is added to a solution of isoprene (2.45 g) in carbon tetrachloride (100 ml), 
and the solution is stirred for 24 hours. The product and solvent are then fractionally distilled away from the 
succinimide, resulting in a partially concentrated solution of a-bromomethyl butadiene. The bromomet hyl buta- 

40 diene solution is chilled (-20° C), and a 2N tetrahydrofuran solution of butylmagnesium bromide (1 5 ml) is then 
added. After stirring for 4 hours, the solution is treated with a 1 M phosphate buffer solution (pH 7). The organic 
layer is dried over sodium sulfate, and the reaction mixture is fractionally distilled to produce the product, 2- 
pentyl-1 ,3-butadiene, as a non-viscous liquid. 

Ethyl acryiate (1.92 ml) is added to toluene (15 ml) and aluminum chloride (215 mg). The resulting solution 

45 is cooled to 0°C, after which 2-pentyl-1 ,3-butadiene (2.0 g) is added dropwise over a period of 30 minutes. 
The reaction mixture is then stirred for 5 hr at 0°C, and stored in a 4°C refrigerator overnight. The resulting 
mixture is placed in an extraction funnel, and washed with two 200 ml aiiquots of 1% HCI. The reaction mixture 
is further washed with 100 ml water, then with 100 ml saturated sodium chloride, and dried over a combination 
of sodium sulfate and potassium carbonate. The mixture is filtered through celite, and the solvent removed in 

50 vacuo. The resulting liquid is distilled at 107-109°C at 1 mm Hg to produce ethyl 4-pentyl-3-cydohexen-1 -car- 
boxy late. 

Ethyl 4-pentyl-3-cyclohexen-1-carboxylate (3.0 g) is added to a solution of water (27 ml) and potassium 
hydroxide (2.6 g). The mixture is stirred under reflux for 16 hours. The reaction mixture is then neutralized with 
a mixture of concentrated HCI (40 ml), water (40 ml), and ice (ca. 40 g), and the mixture extracted with dichloro- 
55 methane (100 ml). The combined organic extracts are dried with sodium sulfate, and the soltuion concentrated 
in vacuo. The solid is recrystallized from a mixture of methanol (70 ml) and water (25 ml), resulting in the prod- 
uct, 4-pentyl-3-cyclohexen-1-carboxylic acid. 

4-pentyl-3-cyclohexen- 1 -carboxyl chloride is synthesized as follows. To a flask containing 4-pentyl-3-cy- 
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clohexen-1-carboxylic acid (2.3 g) in toluene (12 ml) Is added oxalyi chloride (3.08 ml). The reaction mixture 
is stirred at room temperature for three hours, after which the solvent and excess oxalyi chloride are removed 
in vacuo to produce the product, 4-pentyi-3-cyclohexen-1-carboxyi chloride. 

2-{4 -[(4-pentyl-3-cyclohexenyl)-carbonyioxy]-phenyl}-5-decylpyrimidine is synthesized as follows. Tetra- 

5 hydrofuran (35 ml) is added to a dry flask containing 4-pentyi-3-cyclohexen-1-carboxyl chloride (2.3 g) and 5- 
decyl-2-(4'-hydroxyphenyl) pyrimidine (3.66 g). The reaction mixture is stirred until homogenous, then triethy- 
lamine (2.5 ml) is added. The reaction mixture immediately turns turbid. The turbid solution is stirred 1 hour, 
poured into a diiute (5%) hydrochloric acid solution, and extracted with ethyl acetate. The combined organic 
layers are then extracted with saturated sodium chloride, dried over sodium sulfate, and the solvent removed 

10 in vacuo. The product is purified by flash chromatography using 10% ethyl acetate in hexane as the eluent, 
and recrystaliized from acetonitrile to produce the product, 2-{4'-[(4-pentyl-3-cyclohexenyl)-carbonyloxy]-phe- 
nyl}-5-decyipyrimidine. 

Example 3a Synthesis of 2~{4'-[(4-pentyi-3-cyclohexenyI)-methylenoxy]-phenyl}-5-nonyipyrimidine 

15 

To make 2-(41~[(4-pentyl-3-cyclohexenyl)-methyienoxy]-phenyl}~5-nonylpyrimidine, the same procedure 
for making 2-{4'-[(4-pentyI-3-cyclohexenyl)-carbonyioxy]-phenyl}-5-decy!pyrimidine was followed through the 
preparation of 4-pentyl-3-cyclohexen-1-carboxyiic acid. The straight-chain alkylcyclohexeny! ether, 2-{4'-[(4- 
pentyl-3-cyclohexenyl)-methylenoxy]~phenyl}-5~nonylpyrimidine, was then prepared as follows. 

20 A solution of 4-pentyi-3~cyclohexen- 1 -carboxyi ic acid (3.4 g) in tetrahydrofurn (THF; 55 ml) was added 

dropwise to a cold (0° C) solution of lithium aiuminim hydride (1 .37 g) in tetra hydrofuran (THF, 55 ml), in a flask 
equipped with a condenser. The reaction mixture was stirred at room temperature for at least three hours, re- 
cooled to 0° C, and water (8 ml) was then added dropwise. An additional 55 ml of THF was added, and the 
reaction mixture stirred for three hours. The reaction mixture was then acidified with 2 M HCI (150 ml), and 

25 extracted with a 1:1 (v:v) ethyl acetate: hexane mixture. The combined organic layers were extracted with satu- 
rated sodium chloride and dried over sodium sulfate. The solvent was removed in vacuo, and the resultant oil 
was distilled (92-95° C at c.a. 1 mm Hg) to produce 4-pentyl-3-cyciohexen-1 -methanol. 

To a solution of 4-pentyl-3-cyclohexen-1 -methanol (3.0 g) in pyridine (3.3 mi) at 0° C was aded p-tolue- 
nesulfonyi chloride (3.3 g). The reaction was stirred in an ice bath for 2 hours, and then stored at -20 °C for a 

30 further 16 hours. The reaction mixture was then poured into 2 M HCI (75 ml) and extracted with ethyl acetate. 
The combined organic layers were extracted with saturated sodium chloride and dried over sodium sulfate. The 
solvent was removed in vacuo to produce 4-pentyl-3-cyclohexen-1 -methanol toluenesulfonate. 

To a solution of 4-pentyi-3-cyclohexen-1 -methanol toluenesulfonate (5.5 g) and 5-nonyl-2-(4'-hydyroxy- 
phenyi)-pyrimidine (4.85 g) in dimethylformarnide (50 ml) was added powdered cesium carbonate (5.33 g). The 

35 reaction mixture was stirred 16 hours at room temperature, then poured into 2 M HCI (60 ml), and extracted 
with a 1:1 (v:v) mixture of ethyl acetate: hexane. The combined organic layers were washed with saturated so- 
dium chloride, dried over sodium sulfate, and the solvent was removed in vacuo. The solid compound was then 
filtered through silica gel using 4:1 (v:v) hexane:ethyl acetate, and the solvent was again removed in vacuo. 
The product, 2-{4'-[(4-pentyl-3-cyciohexenyI)-methylenoxy]-phenyl}-5-nonylpyrimidine, was again purified by 

40 sequential recrystallizations from acetonitrile and hexane. 

Example 4 : Synthesis of Cyclohexenyl Esters 

This example illustrates the procedures (Scheme IS, path B) for synthesis of cyclohexene esters (II, where 
45 Y 2 = -COO-) by detailing the synthesis of the cyclohexenyl ester, 2-{4'-[(4-(4-methyl-3-pentenyl)-3-cyciohex- 
enyl)-oxycarbonyl]-phenyl}-5-octyi pyrimidine (II, where R 1 = C 8 H 17 ; R 2 = 4-methyl-3-pentyl; and Y 2 = COO). 

To prepare 4-(4-methyl-3-pentenyi)-3-cyclohexen-1-ol acetate, freshly distilled myrcene (30 ml), vinyl acet- 
ate (32 ml), and a teflon-coated magnetic stir bar are sealed together in a bomb tube. The tube is heated in 
an oil bath at 200° C, stirred for eight hours, then cooled to 0° C, at which temperature the tube is opened. 
so The reaction mixture is fractionally distilled to give the Diels-Alder adduct as a clear liquid. 

To prepare 4-(4-met hyl-3- pentenyl )-3-cyclohexen- 1 -oi , potassium hydroxide (8.5 g) is added to a solution 
of 4-(4-methyi-3-pentenyl)-3-cyciohexen-1-ol acetate (17.0 g) in ethanol (150 mi), and the reaction mixture is 
stirred at room temperature for four hours. The mixture is then poured into a 1 M HCI solution (170 ml) and 
extracted with ethyl acetate. The combined organic layers are extracted with saturated sodium chloride, dried 
55 over sodium sulfate, and the solvent is then removed in vacuo. 

2-.{4'-[(4-(4-methyl-3-pentenyl)-3-cyclohexenyl)-oxycarbonyl]-phenyl}-5-octylpyrimidine is synthesized 
as follows. Tetrahydrofuran (33 mi) is added to a dry flask containing 4-(5'-octyl-2'-pyrimidyl)-benzoyl chloride 
(3.67 g) and 4-(4-methyl-3-pentenyl)-3-cyclohexen-1-ol (2.0 g). The reaction mixture is stirred until homoge- 
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nous, then triethylamine (2.3 mi) Is added. The reaction mixture immediately turns turbid. The turbid solution 
is stirred 1 hour, poured into a dilute (5%) hydrochloric acid solution, and extracted with ethyl acetate. The com- 
bined organic layers are then extracted with saturated sodium chloride, dried over sodium sulfate, and the sol- 
vent removed in vacuo. The product is purified by flash chromatography using 10% ethyl acetate in hexane 
5 as the eiuent, and re crystallized from acetonitrile to produce the product, 2-(4'-[(4-{4-methyl-3-pentenyl)-3- 
cyclohexeny!)-oxycarbonyl]-phenyi}-5-octyipyrimidine. 

Example 5 : Synthesis of Cyclohexenyl Ethers 

10 This example illustrates the procedures (Scheme II, path A) for synthesis of cyclohexenyl ethers (I, where 

Y 1 = -CH 2 0-) by detailing the synthesis of the cyclohexenyl ether, 2-{4'-[4-(4-methyl-3-pentenyl)-3-cyclohex- 
enoxymethylene]-phenyl}-5-octylpyrimidine. 

4-(4-methyi-3-pentenyl)-3-cyclohexen-1~oi was prepared as described in Example 4. To a flask containing 
4-(4-methyl-3-pentenyl)-3-cyclohexen-1-oi (2.0 g) is added 4-(5'-octyl-2'-pyrimidyl)-benzyl toiuenesulfonate 

15 (4.18 g) and dimethylformamide (33 ml). The reaction mixture is stirred until homogenous, then dry sodium 
hydride (0.3 g) is added. The mixture is stirred for an additional 36 hours, then poured into a 0.5 M HCi solution 
(30 ml) and extracted with a 1 :1 (v:v) ethyl acetate: hexane mixture. The combined organic layers are extracted 
with saturated sodium chloride and dried over sodium sulfate. The solvent is then removed in vacuo to produce 
the product, 2-{4'-[4-(4-methyl-3-pentenyl)-3-cyclohexenoxymethyiene]-pheny!}~5-octylpyrim»dine, as a white 
. 20 solid. 

Example 6 : Preparation of Cyclohexenyl Methyl Ether/Phenylpyrimidine Host Materia! 

This example illustrates the procedure for preparation of LC and FLC host material containing the cyclo- 
25 hexene containing compound of this invention by describing the preparatbn of the host MX61 11 composition. 

The host material MX6111 is mixed in the w/w proportions given in the following Table 4. Specif ically, the 
host MX6111 composition is prepared by adding 20% (w/w) MDW343 to the phenylpyrimidine host material 
MX5343. MX5343 comprises the first eight components listed in Table 4, all of which are known in the art. The 
selected amounts of each compound are combined in a vial, heated until all materials have reached the isotropic 
so phase, gently mixed until completely homogenous, then cooled. Certain properties of FLC mixtures containing 
cyclohexene compounds of this invention are listed in Tables 1 and 2. 

Example 7: Comparison of Cyclohexene-based Smectic Mixtures with Cyclohexene-based Smectic Mix- 
tures 

35 

Two FLC mixtures were prepared: 

Mixture A contained 20% (w/w) MDW342 (a methylcyclohexanyi ether) and 10% (w/w) MDW 206 (a chiral, 
nonracemic FLC dopant that is the Cj~ homolog of MDW232) in the phenylpyrimidine host MX5343 (Table 3). 
Mixture B contained 20% (w/w) the cyclohexene MDW343 in place of the cyclohexane MDW342. 
40 MDW342: 
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After 24 hours at 5°C, faint crystallization was observed under the microscope in Mixture A. In contrast no 
crystals were observed in Mixture B under the same conditions after 72 hours at 5°C. Thus, Mixture B con- 
taining the cyclohexene component was found to be more stable to crystallization than Mixture A. 
10 The invention has been described and illustrated by reference to several preferred embodiments, but it is 

not intended to limit the invention by doing so. For example, it is intended that the invention encompass not 
only the LC compounds described specifically herein, but also compositions or formulations in which these 
compounds are admixed with each other or with other compounds including other LC and PLC materials. 
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10 ID # Phase diagrams of 20% cyclohexenyl dopant in smectic C host 

MX534 3 



35 



MX5343 
(reference) 

Table 3 


I 




70 




N 




66 


-> 


A 


<- 


47 


-> 


C 




-5 






<- 




•> 


<- 












<- 


— SX 

7 


< > 
1 


X 


MDW3 3 6 


I 




77 


-> 


N 


<- 


69 


-> 


A 


<- 


58 


»> 


c 




-8 




X 




<- 




















<- 


— Sx 
6 


-3 


MDW3 4 3 


X 




78 




H 




70 


-> 


A 


<- 


57 


-> 


c 




0 








<- 




_> 


<- 












<~ 


— > X 
4 






MDW555 


I 




77 


-> 


N 


<- 


74 


-> 


A 


<- 


63 


-> 


c 




-13 




X 




<- 


















<- 


— Sx 

0 


< > 
-6 


MDW57 6 


1 




75 




N 




68 


-> 


A 


<- 


57 


-> 


c 










<- 




-> 


<- 












<- 


A 






MDW577 


I 


<- 


81 


_> 


N 


<- 


70 


_> 


A 


<- 


62 


-> 


c 




-19 


> 


X 
























<• 


Sx 

2 


< 

. -2 


MDW57 8 


I 




81 




N 


<- 


73 


-> 


A 


<- 


61 


-> 


c 




11 








<- 




-> 












<• 


> X 

1 






MDW57 9 


I 


<- 


81 




N 


<- 


78 


-> 


A 


<• 


57 


~> 


c 




17 


-18 








-> 










< 


> SX 

8 


< 

-1 



MDW580 81 75 62 -9 

I <- > N < — > A < > C - z _ - > x 

6 1 



45 



50 



55 



44 



3NSDOCID: <EP. 



0582489A1_i_> 



EP 0 582 489 Al 



TABLE 4 

The compositions of MX5343 and MXSin 



10 



short m&mm 



Structure 



are as follows: 

M5C5434 
(%w/w| 



mm 



IS 



706 



7.0 



5.6 



20 



707 



708 



C 7 H tr 



rN 
X -H 



1 N 



7 W 



C 7 H I5 



-°C,H 17 



7. 0 



7.0 



5.6 



5. 6 



25 



709 



9.0 



7,2 



30 906 



C f H tl (\ / 
^ — N 



C « H 1S 



12. O 



9.6 



907 /— N 



)C 7 H 1i 



9,0 



7.2 



40 



9 OB /-=H ,-, ,, 



0C,H 17 



7.0 



5.6 



45 



9 :; 9 



0C f H 19 



42. O 



33 .6 



50 



55 



90OH 



C 9 H 1 8 \\ / 



7 V 



>— 0 



45 



20 



NSDOCiD: <EP 0582489A1_ 



EP 0 582 489 A1 



Claims 

1. A compound of formula; 




wherein R 1 and R 2 , independently of one another, are selected from the group consisting of alkyi, cycloalkyl, 
alkenyl, alkoxy, thioalkyi and alkyisilyi groups having from 1-20 carbon atoms; Y can be -CH 2 0-, -COO-, -OOC- 
or -OCH 2 -; and Ar 1 and Ar 2? independently of one another, are selected from the group consisting of 1,4- 
15 phenyl, mono- or difluorinated 1 ,4-phenyl, 2,5-pyridinyl, 2,5-pyrimidyl, 2,5-pyrazinyl, 2,5-thiadiazole, 3,6- 

pyridazinyl and trans-1 ,4-cyclohexyl wherein at least one of Ar 1 or Ar 2 is a nitrogen-containing aromatic 
ring. 

2. A compound according to claim 1 wherein Y is -0-GH 2 ~. 

20 

3. A compound according to claim 1 wherein Y is -CH 2 -G-. 

4. A compound according to claim 1 wherein Y is -OOC-. 

5. A compound according to claim 2 wherein Y is -COO-. 

25 

6. A compound according to any of claims 1-5 wherein one of Ar, or Ar 2 is a 2,5-substituted pyrimidine. 

7. A compound according to any of claims 1-5 wherein one of Ar 1 or Ar 2 is a 2,5-substituted pyridine. 

30 8. A compound according to any of claims 1-5 wherein one of A^ or Ar 2 is a 2,3-difluoro-1 ,4-substituted phe- 
nyl, a 2-fluoro-1 ,4-substituted phenyl, or a 3-f luoro-1 ,4-substituted phenyl. 

9. A compound according to any of the claims 1-5 wherein one of Ar 1 or Ar 2 is a trans-1 ,4-cyciohexane. 

10. A compound according to any of the claims 1-9 wherein R 1 and R 2 , independently of one another, are 
selected from the group consisting of alkyl, alkenyl, alkoxy, and thioalkyi groups. 

11. A compound according to any of the claims 1-9 wherein R, and R 2 , independently of one another, are 
alkyl or alkene groups. 

40 12. A compound according to any of the claims 1-9 wherein R % and R 2 , independently of one another, are 
alkyl or alkene groups having from five to twelve carbon atoms. 

13. A ferroelectric liquid crystal composition comprising one or more of the compounds of claims 1-12. 

45 14. A ferroelectric liquid crystal composition having a helix pitch of 3.0 u.m or more in its chirai smectic C phase 
which comprises one or more of the compounds of claims 1-12. 
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